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SELECTIVE METHYLAT.ON CATALYST, METHOD OF CATALYST MANUFACTURE AND 

Methylation Process 

Rankq round p f the Invention 

Dialkylnaphthalenes are useful in a wide variety of commercial applications, 
certain dialKylnaphthalenes, such as 2,6-dime.hylnapi,tha,ene P.a-DMN> are 
particularly useful as intem^ediates in the synthesis of 2,6-dlme.hyidlca,.oxylate i^fi- 
NDC) and 2.6-naphthalenedlcarboxylic acid (2,6-NDA). Both 2,6.NDC and 2,6-NDA 
can be used in the manufacture of polymers such as polyethylenenaphthalate (PEN) 
and various copolymers of naphthalates and other materials, such as 
polyethyleneterephthalate (PET). 

Polymers of 2,6-NDC and 2,6-NDA or copolymers incorporating these 
monomers r2.6-polymers") are known to be useful in a wide variety of commercial 

applications. , 

Films and fibers made from 2,6-polymers exhibft strength and themial 
properties which are superior to films and fibers made from other polymers such as 
PET These enhanced properties have led to the use of 2,6-polymers in camera 
films and magnetic recording tapes as well as electrical and electronic components. 

2 6.polymers also exhibit high resistance to the diffusion of gases such as 
carbon dioxide, water vapor and oxygen. This resistance to gas dWusion makes 
these polymers use^l in films and containers for a wide variety of food and beverage 

packaging applications. 

The superior physical strength of 2,6-polymers also renders these polymers 
useful in physically demanding applications such as cords for automobrle and 

motorcycle tires. 

Unfortunately, the commercial scale synthesis of monomers such as 2,6-NDC 
, is a complex, multi-step process. This complex process can result in a relatively high 
price per pound for 2.6-NDC when compared to other monomers. 

The synthesis of 2.6-NDC typically includes several steps. In a typical 
synthesis, orthoxylene and butadiene are reacted over an alkali metal or other 



catalyst to yield a 5-orthotolyl pentene (5-OTP) alkenylation product. The 5-OTP is 
then cyclized over -an acid catalyst to yield 1.5 dimethyltetralin (I.S-DMT). The 1.5 
DMT is dehydrogenated over a noble metal or other dehydrogenation catalyst to yield 
1.5 dimethylnaphthalene (1.5-DMN). v^hich is subsequently isomerized to produce 
2.6-DMN. 

Once 2 6-DMN has been produced, it can be oxidized to produce 2.6-NDA. 
which is subsequently esterified to produce 2.6-NDC. This 2,6-NDC can then be 
polymerized in the presence of. for example, ethylene glycol, to produce PEN useful 
as a polymer or copolymer in applications such as those discussed above. 

The foregoing seven step process to produce PEN demands that every 
synthesis step be selective and produce high yields of the desired end product .f 
NDC is to be manufactured in a commercially successful manner. 

Altemative synthesis schemes are desired to improve yields or reduce the 
number of steps required to produce monomers such as 2,6-NDC and 2,6-NDA. 
one such synthesis scheme includes the process step of the selective methylation of 
2-monomethyl naphthalene (2-MN) directly to 2,6-DMN. Efficient conversion of 2-MN 
to 2.6-DMN requires the use of highly selective, high yield catalysts to render 
synthesis routes using this step economically attractive. 

For example, Japanese patent document JP 6329564 describes the use of a 
ZSM-5 type ferrisilicate catalyst, obtained by direct hydrothermal synthesis, which .s 
useful for the selective methylation of 2-MN. In this catalyst, iron is contained .n the 
framework of the silicate, instead of aluminum. In other words, iron replaces 
substantially all of the aluminum present in the traditional ZSM-5 aluminosilicate 
framework. This process results in a catalyst type commonly referred to as an Te- 
MFl"-type catalyst. As described in this reference, such catalysts can provide for 
improved selective methylation of 2-MN when at least 80 percent, and preferably 90 
or more percent, of the metal in the zeolitic lattice structure is iron. 

The methylation performance of such an Fe-MFl catalyst obtained by direct 
hydrothermal synthesis is described below by Komatsu, et al.. in an article titled 
■'Selective Formation of 2.6-Dimethylnaphthalene from 2-Methylnaphthalene on ZSM- 
5 and Metallosilicates with MFI Structure" published in Zeolites and Related 
Microporous Materials: State of the Art 1994. Studies in Surface Science and 
Catalysis Vol. 84. pages 1821-1828. Elsevier Science B.V. (1994). In this article. 
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Komatsu et al. describe the use of their Fe-MFI catalyst to obtain about a 13 percent 
conversion of 2-MN. a selectivity to 2.6-DMN of about 49 percent, and a ratio of 2.6- 
DMN to 2 7-DMN in the converted product of about 1.7 to 1. The selectivity 
represented by a ratio of 2.6-DMN to 2.7-DMN of about 1.7. together with the 
reported overall conversion of 2-MN to 2.6-DMN of just over six percent in a 
methylation step, reported both in the Japanese patent and the article by Komatsu et 
al.. are believed to be too low to enable an economically viable synthesis scheme 
incorporating this conversion step. 
• A similar methylation scheme is disclosed by Shu-Bin Pu and Tomoyuki Inui m 
their paper titled "Synthesis of 2.6-Dimethylnaphthalene by Methylation of 
Methylnaphthalene On Various Medium and Large-Pore Zeoiyte Catalysts," Applied 
Catalysis A: General 146, pages 305-316, Elsevier Science B.V. (1996). 

Pu and Inui report a 2.9 percent conversion of 2-MN, with a selectivity for 2,6- 
DMN of about 48 percent, and a 2,6-DMN to 2,7-DMN ratio of about 1.5 using Fe- 
MFI catalyst obtained by direct hydrothermal synthesis. As with Komatsu's catalyst, 
while the use of iron in place of aluminum in the zeolitic lattice structure shows 
promise in terms of selectivity for 2,6-DMN, the combination of conversion and 
selectivity is believed to be insufficient to be economically viable. 

What is needed is an improved catalyst for the selective conversion of 2-MN to 
2,6-DMN that will provide a substantially higher yield of 2.6-DMN. so that a 2,6-NDC 
synthesis scheme incorporating this step can be commercially viable. 
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Summary of the Invention 

Surprisingly, we have found that high selectivity and conversion of 2-MN to 
2 6-DMN can be accomplished by novel catalysts and processes which involve 
treating a zeolitic material with iron and/or other additional metals in the presence of 
a halogen such as a fluoride. The resulting catalysts include iron or the other 
additional metal, but a significant portion of aluminum present in the zeolitic starting 

material remains in the catalyst. 

in a first embodiment of our invention, a catalyst for methylating a 
naphthalenic feedstock is disclosed. The catalyst is a zeolitic material incorporating 
Al and one or more additional metals selected from the group consisting of Fe. Ga, Ti 
and Co. and mixtures thereof. The molar ratio of additional metal(s) to Al is between 



about V10 and 3:1. In some preferred embodiments, the catalyst includes beb«een 
0 01 and 5 weight percent of a noble metal such as pla«num or palladium. A port.n 
of acid catalyst sites in the catalyst can be intentionally deactivated prior to use of the 
catalyst for improved stability over long catalyst run times. 

A second embodiment of our invention is a method for prepanng an 
isomorphically-substttuted zeolitic catalyst. The catalyst is prepared an 
Zlosilicate zeolitic materia, such as ZSM-5, ZSM-1t , ZSM-,2, ZSM-22, MCM-2 , 
ZSM-23 ZSM-39, ZSM-57, mordenite, Beta, FAU, and L-types. The alum,nos,l,cate 
material' is slurried w«h a soluble metal compound and refluxed under condrtrons 
effective for substring aluminum in the aluminosilicate zeolitic material w«h me al 
from the soluble metal compound to yield a catalyst having a metal to aluminum ra ,o 
of between 1:10 and 3:1. Preferably, the process is conducted in the presence of a 
soluble hydrogen fluoride salt such as NH«HF2. 

in other embodiments of the invention, catalysts are prepared in v*ich iron ,s 
directly substituted in the aluminosilicate matrix of a ZSM-5 material to forni a 
metallosilicate matrix in which the iron to metal ratio in the resulting metallos.lrcate 
matrix is from between about 1 : 1 0 to 3: 1 . 

catalysts in accordance with our invention can provide about twenty percent 
conversion of 2-MN, wKh approximately sixty percent selectivity for 2,6-DMN, thereby 
substantially improving the yield of 2,6.DMN available from a selective methylatron 
step when compared to Fe-MFI type catalysts in which virtually all the aluminum ,n 
the lattice structure has been replaced by iron. 

Preferred embodiments of the catalysts prepared by our process in whrch the 
iron to aluminum ratio ranges from about 0.25 to 1.5 can provide 2,6-DMN to 2,7- 
DMN ratios of between about 1.8 and 2.2, thereby further simpltfying separation of 
the somewhat difficult to separate 2,6-DMN and 2,7-DMN Isomers. 

The higher 2 6-DMN to 2,7-DMN ratios enabled by our invention are important 
in subsequent purgation steps because these two materials form a eutectic mixture 
of 2 7-DMN to 2,6-DMN of about 1 .5:1. Therefore, to obtain appreciable yields of 2,6- 
, DMN per pass in a crystallization purification process, the 2,6- to 2,7- ratio should be 
as high as possible above 1.5:1. Alternatively, in an absorption type purification 
process such as a UOP SORBEX process in which 2,7-DMN would be the absorbed 
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component, the higher 2,6- DMN to 2, 7-DMN ratio requires less solvent extraction 
activity to reject undesired2.7-DMN. 

Thus in yet another embodiment of the invention, v,e methylate a 

naphthaienic feedstock in the presence of a methyl group donor under methylat^n 

condHions in the presence of a catalyst of .he types discussed above. Prefera y. 

the naphthaienic feed stock will be naphthalene or 2-methyl naphthalene, and the 

methyl group donor will be methanol or dimethyl ether. 

R rirf nescrioti "" "f 'he Drav»inqs 

FIGS 1a and 1b are graphs of the conversion of 2-MN under methylation 
condHions in accordance v.i.h our invention as a function of Fe/AI ratio at 2. 3 and 6 
hours of catalyst run time. 

FIGS. 2a and 2b are graphs of the ratio of 2,6-DMN to 2.7-DMN obtain d 
under methylation conditions in accordance with our invention as a function of Fe/AI 
ratio at 2, 3 and 6 hours of catalyst run time. 

FIGS 3a and 3b are graphs of the ratio of 2,6-DMN to all DMN's obtained 
under methylation conditions in accordance with our invention as a function o, Fe/AI 
ratio at 2, 3 and 6 hours of catalyst run time. 

FIGS 4a and 4b are graphs of the overall yield of 2,6-DMN obtained under 
methylation condrtions in accordance w«h our invention as a function of Fe/AI ratio at 

2 3 and 6 hours of catalyst run time. . , . - 

' FIG. 6 is a temperature program reduction spectrum of a catalyst ,n 

accordance with the present invention. 

> n»»mnllnn of in - Fmbodlments 

Described below are preferred embodiments of catalysts, catalyst preparation 
processes, and selective methylation processes in accordance wiU, our invention 
While the inventions are described in the context of the selective methylation of 2-MN 
to 2 6-DMN, those skilled in the art will ^cognize the applicabilih, of our inventions to 

,0 other methylation reacUons, such as, for example, the conversion of 1-MN to 1,5- 
DMN use of our novel catalysts in other aromatic alkylation reactions, and the 
preparation and use of other catalysts which incorporate a metal into a zeomic lattice 
Structure as described below. 



catalysts i. ao«rdance wfth ou, invention are characterized by the presence 
0, one or more additional metals in addWon to those typically found ,n an 
ulos icate zeolitic lattice structure. Un,i.e the Fe-MFI catalysts in which vrrtually 
I 7th aluminum in the lanice has been replaced hy iron, our catalysts contain 
nl ant amounts o, both aluminum and one or more other metals, ,nclud,„g Fe 
Oa ntr Co. The catalysts can have a non-aluminum metal to aluminum ratio o, 
T^l 110 to about 25:1, preferab^ .o about 3:1. Preferably, the non-aluminum 
m" aluminum ratio is between 1:8 and 3:1, and most preferably between 1:3 



and 1.6:1 



,0 
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The use of a single additional metal is preferred. As used in this applicatron, 
,,e term "single additional metal" means that only a single metal is intentrona,^ 
!dd To Llitic staring materia,. The use o, the tern, "single add„ional me.l , 

ncorporated due to the presence of trace amounts of other metals pre^nt 
impurities in reagents or feedstocks and which do not matenally affect the 

Derformance of our catalysts. 

catalysts in accordance wHh our invention can be prepared in accordance w.h 
the isomorphic substMion process described in Example 1, bel«. As used ,n th,s 
cation -isomorphic subst«u«on". means subs«ution of a potion of aluminum 
Z a zeolitic starting material by another metal in a chemical P'-- - / ; 
one described below. We believe isomorphic substftution should result ,n a east 0 
mo e percent, preferably 75 mole percent, and most preferably up ,o about 100 mo e 
percent of the added meta, being incorporated direct, in the zeolitic maU,x. (see F,g. 
5 and related discussion below). 

Example 1 

A solution containing 0.086 grams of FeF, and 0.068 grams of NH.HF. was 
dissolved in 100 milliliters o, deionized water to provide a soluUon having a molar 
ratio of FeF3 to NH.HF. of 2:3. This solution was added wKh rapid agitation over one 
hour a. a temperature of 92 "C to a 10 weight percent slum, In water of ZSM-5 type 
material Known as CBV6020E available from the PQ Corpo,.fcn of Valtey Forge, 
Pennsylvania. The slurry contained 5 grams of the ZSM-6 matenal. 
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This mixture was refluxed fo, 24 hours, filtered, washed wHh deioni.ed water, 
aried for 12 hours at 1 tOX. and calcined at a temperature of 450X for fwe hour. 
Z resuHin, cataiys, exK«in, a Pe,A, moiar ratio o, 0.49 was then p.s s d * 
pallets and sieved into a proper size (10-15 n,esh) for use ,n the fed bed react,on 

''''"Meta, compounds useful for isomorphic substitution reactions preferably a. 
soluble meta, fluorides such as iron tr^ouride. Other use., solu ,e m^«l 
compounds will include those meta, fluoride compounds such as (NH,).S,Fe, 

h,dro.en .onde salt a.en. such as M.H.to.ether 
with the soluble meta, fluoride is preferred. The rela,«e concentration of me a 
2, a .0 so,ub,e hydrogen sa,t ,s no, or^ical and wi. vary w«h the number of meta, 
aZ! per no,e of meta, «uoride compound, the number and — ons per 
.ole Of metal fluoride and soluble hydrogen fluoride .H, and the geneno .,a^ 
, preparation conditions described below, in the case of FeFa and NH.HF., a mo,ar 
rotio nf about 2-1 was found to be preferred. 

ct:Lns effective for conducting an isomorphic substitution reaction wi„ vary 
w„h the desired amount of substMon, but typical,, v.11 include '-P-'--^™ 
about 0 to 350-C, and preferably from 60 to IDOX; reflux times o, from 0^ to 72 
,„ hours, preferably fron, 4 to 24 hours; and soluble meta, to zeoliflc materral meta, (,.e. 
A,) ratios of from about 1:10 to 25:1, and preferably from 1:8 to 3:1. 

The catalyst prepared in Example 1 was used to selectively methylate 2-MN to 

2,6-DMN as described in Example 2, below. 

25 

Example 2 

A down-flow fixed bed reactor was loaded with 0.6 grams of cata^,st 
comprising a mechanical mixture of 0.3 grams of the catalytic material prepared ,n 
30 Zp,e:and0.3gramsofaboehmi.ebinderavai,ab,easCAPTAPALB^^^^^^ 
from the Vista Chemica, Company of Houston, Texas. The cata,ys. bed ,n the 
reactor was maintained at a temperature of 300»C dunng the six-hour test peno^^ 
Liquid feed containing methanol and 2-MN in a molar ratio of 5:1 was fed to the 



reactor at a rate of approximately 2 milliliters per hour, and an N, carrier gas was fed 
to the reactor at a rate of approximately 20 milliliters per minute. The reactor effluent 
was analyzed by gas chromatography and yielded the results in Table 1 . below. 



Table 1 



Measured Parameter 


Result 


2-methylnaphthalene conversion 


20% 


Selectivity to 2,6-DMN 


60% 


2,6-DMN to 2,7-DMN ratio 


2.2:1 



AS can be seen by comparing the results of Table 1 to the results reported for 
10 Fe-MFI catalysts described in the literature, the catalyst in accordance with our 
invention provides for improved 2-MN conversion, 2.6-DMN selectivity, and 2,6-DMN 
to 2.7-DMN ratio. 

To determine the effect of iron to aluminum ratio in catalysts of the type 
15 described in Example 1, additional catalysts were prepared in accordance with 
Examples 3 to 8 below. 

Examples 3-8 
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Catalyst was prepared as described in Example 1, except that the solution 
used to isomorphically substitute iron for aluminum in the ZSM-5 material was 
prepared by mixing the varying gram amounts of FeFsand NH.HF, specified in Table 
2 in 100 milliliters of deionized water. Each resulting catalyst exhibited the Fe/Al 
ratio listed in Table 2. Each catalyst was used to selectively methylate 2-MN as 
described in Example 2. except where noted to the contrary. The 2-MN conversion 
and selectivity to 2.6-DMN also are listed in Table 2. A graphical summary of 2-MN 
conversion, selectivity to 2,6-DMN, the ratio of 2,6-DMN to all DMN's, and the overall 
yield of 2,6-DMN for Examples 1 through 8 appear in Figures 1 through 4. 
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Table 2 
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Example 
Number 



6 



8 



FeF3 
(grams) 



0.043 



0.086 



0.185 



0.271 



0.74 



NH4HF2 
(grams) 



0.034 



0.068 



0.139 



0.205 



0.56 



1.72 



1.36 



Fe/AI 
Ratio 



0.16 



0.5 



1.35 



1.75 



7.0 



2-MN 
Conversion 



24.3 



20.0 



18.8 



16.4 



25 



13.8 



10.7 



2,6-DMN 
Selectivity 



40.4 
50.2 



50.6 
54.2 



54.5 



56.4 



1.71 



1.91 



1.76 



1.71 



1.55 



1.70 
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AS can be seen by comparing the two-hour run time data in Table 2 and ,n the 
Figures, 2-m conversion was highest in the range of 0.16:t to 1 .75:1 Fe/A, molar 
ratio, with maximum conversion occurring a, around a Fe/A, molar ratio of 0.16.1 , ^ 

The 2 6-DMN/2,7-DMN ratio peaked over the Fe/AI molar ratio range of 0.16.1 
,0 about 7-.1,' with the 2,6-DMN/2,7-DMN ratio consistently above 1.7 at Fe/AI molar 
ratiosintherangeof0.16:1to1.76:1. 

2.6-DMN yields also peaked in the range of Fe/AI molar ratios from about 

0 16:1 to 1.75:1. 

■ These results demonstrate a marked superiorly of catalysts in accordance 
with our invention when compared to prior art Fe-MFI catalysts used in naphthalen.c 

methylation processes. 

Metals most suitable for use in our invention include Fe, Ga, Co, and T, and 
combinations thereof. The metals will be incon^orated in the catalyst a, me«l to 
aluminum ratios of between about 0.1:1 to about 7:1, preferably about 0.1 to 2.9:1, 
and most preferably from about 0.16:1 to 1 .75:1 . 

Other zeolKes useful in preparing catalysts in accordance with our invention 
include ZSM-11. ZSM-12, ZSM-22, MCM-22, ZSM-23, ZSM-39. ZSM-57, morden«e, 
beta, FAU, and L-type zeolites. These zeolites are different from ZSM-5 ,n pore 
Channel structure and in pore diameter, and are no, believed to be as well suited to 
the methylation of 2-MN to 2,6-MN as a ZSM-5-type catalyst. However, we belreve 
these other zeolites can be treated by our inventive process to prepare improved 
catalysts for other aromatic alkylation reactions. 
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While the use of a binder such as the boehmite binder used in Example 2 is 
preferred, the catalysts of the invention may be used without such a binder. When a 
binder is used, the weight ratio of binder to catalyst typically can range from 5 to 95. 
preferably from 20 to 80, and most preferably from 40 to 60. Although boehm.te 
5 binders are preferred, other binders such as alkali earth metal oxides and S.O, may 
also be useful in practicing methylation reactions with our catalysts. 

Catalysts in accordance with the present invention can be prepared by treating 
the aluminosilicates with different zeolite structures using the following general 
procedure: (1) prepare a solution using a given amount of metal fluoride (such as 
,0 FeF3 C0F3. or GaFs); (2) add a given amount of NH^HFa to the solution of (1); (3) 
prepare a slurry of a zeolite in its proton form with a given structure (such as ZSM-5. 
ZSM-12 etc.) by adding a given amount of crystalline aluminosilicate into de.onized 
water- (4) heat up the slurry to about 92°C under reflux conditions; (5) add the 
solution prepared in step (2) to the slurry while the slurry is being mixed usmg a 
15 magnetic stirrer; (6) continue the reflux after the step (5) for 24 hours; (7) cool down 
the solid-liquid mixture and separate the solids by filtration; (8) dry the solid at 1 10°C 
for about 12 hours; (9) calcine the dried solid at 450X for about 4 hours; (10) store 
the calcined sample in a desiccator for use as catalyst or for chemical analysis. 

The amount of the metal incorporated in the catalyst is controlled by the type 
20 of non-aluminum metal compound; the ratio of halogen to metal compound; the ratio 
of solid to liquid in the reaction mixture; the speed of adding the metal compounds to 
the slurry of zeolites; the reaction temperature; and the duration of post-synthesis 
isomorphous substitution treatment. 

Catalysts in accordance with the present invention are particularly useful for 
25 the reaction of naphthalenic feedstocks with methyl group donors under methylation 
conditions. 

AS used in this application, a "naphthalenic feedstock" means a compound 
having a naphthalenic ring system, either unsubstituted, i.e., naphthalene, or having 
one to three positions of the naphthalenic ring system substituted by one or more 
30 alkyi, carboxylic acid, alcohol, amine, alcohol or ester groups, such as 
monomethylnaphthalene (MN). 
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■Methyl group donor ™ans a compound capable of donating a methy, group 
,0 . naplaLo .eedstocK under nret^atlon cond«ons as descHbed .e,ow, 

nrpfprablv methanol or dimethyl ether. ^ . , 

' CetMatlon condition, means moiar ratios of napMnaienic «dstoc to 
methy, group donors in the range of 10:1 to 1:8, preferably between 7 1 to 1.5, a 
Tm erature between about 25 and 600»C, preferably 200 and 450-0, and mo . 
prlably 275 and 375-C, pressures from between about 0 and 40 atmospheres^ 
p« 1 and 30, and most preferably 1 and 25 atmospheres, and we,ght hour^ 
:;rvlcnies of about 0.1-30 h-', preferably 1.4 and 23 h ', and most preferably 

Whil! not Wishing to be bound by any pedicular theory, we believe that the 
oata^sts m accordance w«, the present invention are surprisingly ef,ect,ve beca se 
n and^or other metal added in the catalyst preparation process is subs 
o aluminum In the .eolltlc lanice. The Inco^oration o, the iron ,n.o the la^^ 
He IS suggested by temperature programmed hydrogen reduCon spectra o, 
the catalyst as performed In Example 9, below. 



Example 9 



catalyst from Example 4 was analysed in the following manner by temperature 
programmed hydrogen reduction CTPR") using a MIcromeritlcs Autochem 2910 
era ser. 0.1 g ams of catalyst was placed in a sample tube. A He earner gas was 
pal through the sample tube until a gas chromatographic baseline was stable. A 
Ls point, the carrier gas was switched to 5.12 mole percent hydrogen ,n a^on. The 
temperature of .he sample was ramped up under computer control a. a rate of 10 C 
per minute from room temperature to 800°C. 

The thennal conductivity ("TCD") signal was recorded by a computer data 
acguisltlon system. The TPR spectrum of Fe/ZSM-5 (Fe/AM/4) shows the reducfon 
X as a Lction of reduction temperature. There are at leas, two .nds of ,ro 
„ species in Fe/ZSM-5. The redudion peaK at around 692-C Is believed to correspond 
rrmeworK Iron species, and the other pea.s at around -- and 307. a. 
related to ion-exchanged iron species and Iron oxides such as FeA speces, 
CeCively. A represen^lve .empera.ure program reduction spectrum ,s shown ,n 
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FIG. 5. The 692-C peak corresponding to the iron framework species appears at 
about 70 minutes on the X-axis of FIG. 5. K»„i==n»H 
Aaditiona, detail o, the preferred enrhodiment of cur catalysts ca be ne 
from analysis of the x-ray diffraction (XRD) patterns of nuonde-t^ate^ ca tai^.^ 
compared to the XRD of the parent ZSM-S san^pie before the treatment, the 
F ,ZSM-5 cata^ts prepared by the method ,n our invention show very similar XRD 
Lms including all the major peaks but at slightly different ^-'^^"^^^^ 
suggests that the crystal structure of the zeolitic material remained rntact, and that Fe 
has been incorporated into the framework. 

we have found that the perfom^ance of methylation catalysts in accordance 
our invention can be further improved through .he use of a tender havrng an 
added noble metal component as illustrated by Examples 10 and 1 1 below. 

Fxample 10 

A catalyst according to the p^sent invention having a Fe/AI ra«o cf 1:4 was 
prepared as n Example 1. The sample was then used to methylate 2-MN as 
in Example 2. We found that the conversion o, 2-MN decreased from «s 
initial ~ 1 5% to ~ 1 0% after about 20 hours. 

Fxample 1 1 

The experiment o, Example 10 was repeated using a hybrid catalyst consisSng 
„, the 60 weigh, percent ,0.3 grams, of the catalyst of Example 10 and w.g 
percent boehm^e binder available as CAPTAPAL B ALUMINA from e V, .a 
Chemical Company of Houston, Texas, to which had been added 0.4 weight per^ 
e plum (based on total binder weight). The conversion of 2-MN remained at 
^ ximLy 9 percent after 4B hours, demonstrating enhanced c,..yst s.b,l^ 
Additionally, the DMN's produced included only 2,6-DMN, 2,7-DMN and 2,3-DMN. 

The results of Examples 10 and 11 suggest that the stabilfty of catalysts in 
„ accordance w«h the present invention can be enhanced by the use of noble rnete^ 
addUives such as platinum, palladium, Hiodium, iridium, and ruthenrum p efe.b 
platinum and palladium, and most preferably platinum. The noble meta, should be 
pint betwl 0.01 and 5 weight percent, preferably be^een 0.06 and 2 weight 
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aaoea mro a iron-containing ZSM-5 

directly to the active component of the catalyst (i 

materia,) such as by the wet Impregnation method, as is known in the art. 

we have also found that some catalysts in accordance with our invention 
perform be ^ if the catalysts are treated with NH,SiP. either t^fore or after ^ 

0 metal to the zeolytic materia,. I. is believed that this treatment reduces the den «y 

1 Z sites, thereby reducing coRe formation at the lattice pore windows and on the 
ti surface and providing better access to the re..aining acid sites located 

g out the ,at,lce. The resu,.s of one such experiment are illustrated in Example 



12, below. 



Rxam ple 12 

The expehment of Example 11 was repeated except that the catalyst was 
prepare by aL-step process. First, the zeol«ic material was slurried and reflu ed 
1 NH^SiFe by the same method used in Example 4. The catalyst was then 
edts in Example . using the treated zeolitic materia. A, - " - 
he 2,6-DMN,2,7-DMN ratio increased from about 1.8:1 (EX^ 1 ) bou • ^ 
.0 selectivity to 2,6-DMN (compared to all DMN's, increased from about /. EX. to 
^ about 60% and activity remained at 8.2 % (vs 9.0 initial) even afte about 0 hou.^ 
we believe from this experiment that in addition to the improved ratio and s^e t„ b, 
noted above, the stability o, our cata^st is improved by treatmen with (NH,)^iFs 
before iron substKution, as evidenced by the good performance a. 70 ho.s ru 

The reduction of catalyst acid sites can also be accomplished by o^he 
methods such as chemical vapor deposition (CVD, with Si compounds. Such S 
compounds include M,OSi (where M is an alkyl or aromatic compound) o SiH.. An 
lltive method for the positioning of acid sites on P^^e -rf- 's • -^^^^^ 
basic nHrogen compounds such as 2,4-dimethy„uinoline, as descnbed in panese 
patem document aP6329564. the disclosure of which is hereby incorporated by 
eference or treatment wHh phosphorous-containing compounds as is Known in the 
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art. 
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other embodiments of the invention will be apparent to those of ordinary skill 
in the art from our disclosure of our preferred embodiments and the additional 
teachings contained in this application. Our invention, therefore, is intended to be 
limited only by the scope of the following claims. 
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